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FIG. 3
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1
COMMUNICATION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2011-
168641, filed on Aug. 1, 2011, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a com-
munication apparatus.

BACKGROUND

Impulse radio communication is radio communication
using a short pulse, and is expected to be applied to broadband
radio communication systems.

Also, a U/B conversion circuit, which is a U/B conversion
circuit that converts a unipolar signal into a bipolar signal, and
when a signal produced by performing NRZ/RZ conversion
on an input NRZ signal is given, a bipolar signal produced by
converting an NRZ signal is obtained as an emitter output of
a transistor, is known.

Also, a pulse-polarity modulation circuit in which pairs of
differential transistors are stacked in two-stages, and a uni-
polar pulse is converted into a bipolar pulse in accordance
with a value of the input data, is known.

[Patent Document| Japanese Laid-open Patent Publication

No. 3-27622
[Patent Document| Japanese Laid-open Patent Publication

No. 2006-157649

SUMMARY

According to an aspect of the embodiments, a communi-
cation apparatus includes: a pulse generation unit configured
to alternately generate a positive pulse and a negative pulse
indicating presence or absence of a pulse in accordance with
a value of a data signal; a band-pass filter configured to filter
the pulse generated by the pulse generator; and a transmission
amplifier configured to amplify a signal filtered by the band-
pass filter, and to output the signal as a transmission signal.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a diagram illustrating an example of a configu-
ration of an impulse radio communication apparatus accord-
ing to an embodiment, and FIG. 1B is a diagram illustrating a
pass frequency band of a band-pass filter;

FIGS. 2A to 2C are diagrams illustrating examples in
which a short-pulse generation unit generates a unipolar short
pulse;

FIG. 3 is a diagram illustrating examples of a unipolar short
pulse and a bipolar short pulse;

FIGS. 4A to 4C are diagrams illustrating power spectrum
densities of a unipolar short pulse and a bipolar short pulse;
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FIG. 5 is a diagram illustrating an example of a configura-
tion of the short-pulse generation unit in the FIG. 1A;

FIG. 6 is a circuit diagram illustrating an example of a
configuration of the short pulse generator in FIG. 5; and

FIG. 7 is a timing chart for describing an example of
operation of the short-pulse generation unit.

DESCRIPTION OF EMBODIMENT

FIG. 1A is a diagram illustrating an example of a configu-
ration of an impulse radio communication apparatus accord-
ing to an embodiment, and FIG. 1B is a diagram illustrating a
pass frequency band of a band-pass filter 103. The impulse
radio communication apparatus includes a baseband signal
generator 101, a short-pulse generation unit 102, a band-pass
filter 103, a transmission amplifier 104, a first antenna 105, a
second antenna 121, a reception amplifier 122, a wave detec-
tor 123, a limit amplifier 124, and a baseband signal regen-
erator 125. The baseband signal generator 101, the short-
pulse generation unit 102, the band-pass filter 103, the
transmission amplifier 104, and the first antenna 105 consti-
tute a transmission unit. On the other hand, the second
antenna 121, the reception amplifier 122, the wave detector
123, the limit amplifier 124 and the baseband signal regen-
erator 125 constitute a reception unit.

First, a description will be given of the transmission unit.
The baseband signal generator 101 generates data signal Al
for each time slot, and outputs the signal to the short-pulse
generation unit 102. As illustrated in FIG. 7, the data signal
Al becomes a high level at the time of a value “1”, and
becomes a low level at the time of a value “0”. A communi-
cation speed of the data signal A1 is, for example, 10 gigabits/
second (Gbps). The short pulse generation unit 102 generates
a short pulse A6 when the data signal A1 becomes the high
level in a time slot. The band-pass filter 103 performs filtering
on the short pulse A6 in order to pass only a predetermined
pass frequency band, and outputs a millimeter-wave pulse A7.

FIG. 1B illustrates a pass frequency band 132 of a band-
pass filter 103. A short pulse characteristic 131 illustrates a
frequency characteristic of the short pulse A6. The millime-
ter-wave pulse A7 has only frequency components of a part of
the pass frequency band 132 among the short pulse charac-
teristic 131. In UWB (Ultra Wide Band), etc., an available
frequency band is limited. In order to satisty a limitation of
the frequency band, the band-pass filter 103 is used. The pass
frequency band 132 has, for example, a lower-limit pass
frequency f1 of 80 GHz, and an upper-limit pass frequency f2
of 90 GHz, and thus the pass frequency band width is
2-f1=90-80=10 GHz.

The transmission amplifier 104 amplifies the millimeter-
wave pulse A7, and radio-transmits a transmission signal A8
through the first antenna 105. The transmission signal A8
represents data of “1” or “0” depending on presence or
absence of the millimeter-wave pulse.

Next, a description will be given of the reception unit. The
reception amplifier 122 radio-receives a reception signal
through the second antenna 121, and amplifies the reception
signal. The wave detector 123 detects an envelope of the
reception signal (millimeter-wave pulse) amplified by the
reception amplifier 122, and outputs the signal. The limit
amplifier 124 amplifies the signal detected by the wave detec-
tor 123. The baseband signal regenerator 125 receives input
of the signal amplified by the limit amplifier 124, and repro-
duces receive data of 10 Gbps, for example.

A radio communication apparatus of an impulse system
may be used for a ultra-wideband radio communication appa-
ratus, such as a microwave band, a quasi-millimeter wave
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band, and a UWB. The impulse system has a feature in which
oscillators and mixers are not demanded, and thus a configu-
ration of an RF unit becomes simple and low cost compared
with a narrowband communication system. Accordingly, it is
expected that broadband radio communication systems that
perform broadband radio communication exceeding 10 Gbps
are achieved in a millimeter wave band capable of using a
broadband.

Ifit is assumed that a frequency band width assigned to an
impulse radio communication apparatus is Bmax, if a pass
frequency band width Bbpfof the band-pass filter 103 is equal
to Bmax, the maximum communication speed Bmax is
obtained. For example, if the frequency band width Bmax is
10 GHgz, as illustrated in FIG. 1B, the pass frequency band
width Bbpf of the band-pass filter 103 is £2-f1=90-80=10
GHz, and the communication speed of the data signal is 10
Gbps.

FIG. 2A is a diagram illustrating an example in which the
short-pulse generation unit 102 generates a unipolar short
pulse B6. The short pulse generator 102 generates a positive
short pulse in a time slot in which the data signal A1 is a high
level, and does not generate a positive short pulse in a time
slot in which the data signal Al is a low level, thereby out-
putting the unipolar short pulse B6. The unipolar short pulse
B6 is a unipolar (for example, positive) short pulse. The
band-pass filter 103 filters the unipolar short pulse B6, and
outputs a millimeter-wave pulse B7. For example, the milli-
meter-wave pulse B7 has a communication speed of 10 Gbps,
and the time slot thereof is 100 ps.

FIG. 2B is a diagram illustrating a frequency spectrum of
the millimeter-wave pulse B7 in FIG. 2A. FIG. 2C is an
enlarged diagram of a part of FIG. 2B. If the communication
speed of the millimeter-wave pulse B7 is 10 Gbps, bright line
spectra BL occur at intervals of 10 GHz. The bright line
spectrum BL is a linear large power spectrum, and for
example, occurs at 30, 40, 50, 60, 70, 80, 90 GHz, etc. The
bright line spectra BL appear at frequency intervals equal to
the communication speed. For example, when the communi-
cation speed is 10 Gbps, the bright line spectra BL. appear at
intervals of 10 GHz.

Incidentally, for many radio communication apparatuses, a
signal intensity for each unit frequency (power spectrum den-
sity) is defined by law or by standards, etc., such as a signal
intensity 0 dBm for each 1 MHz frequency (=1 mW/MHz),
for example. If a transmission signal includes a bright line
spectrum BL,, a signal intensity of the bright line spectrum BL,
infringes a limitation of the above-described power spectrum
density, thereby resulting in a situation in which average
power is not allowed to be increased in all frequency bands.
Specifically, when the allocated frequency band Bmax is 10
GHz (=10000 MHz), if a transmission spectrum intensity is
fixed in a frequency band, it becomes possible to output 1
(mW/MHz)x10000 (MHz)=10 W. However, if a bright line
spectrum BL of 1 mW/MHz is included in the transmission
signal, only small power may be output. In order to perform
long distance transmission without a signal error, it is
demanded to maximize a spectrum power for all the fre-
quency bands, and to ensure a signal intensity margin against
noise, etc., (SN ratio). If the transmission power is restricted
because of a bright line spectrum BL, it is difficult to suffi-
ciently ensure the SN ratio. In this manner, the transmission
power is restricted by a bright line spectrum BL, and long-
distance and high-quality communication becomes disadvan-
tageous, and thus it is a task to achieve an impulse radio
communication apparatus that does not produce a bright line
spectrum BL. In the following, a description will be given of
an embodiment of an impulse-radio communication appara-
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tus that produces a transmission signal not including a bright
line spectrum BL, and that is suitable for long-distance and
high-quality communications.

FIG. 3 is adiagram illustrating examples of a unipolar short
pulse B6 and the bipolar short pulse A6. The unipolar short
pulse B6 is the same as the unipolar short pulse B6 in FIG. 2A.
In the present embodiment, the short-pulse generation unit
102 receives input of the data signal A1, and generates the
bipolar short pulse A6. The bipolar short pulse A6 represents
presence and absence of a pulse in accordance with a value of
the data signal Al, and is a pulse that alternately generates a
positive pulse and a negative pulse. For example, when the
value ofthe data signal A1 is ““1”, a positive pulse or a negative
pulse is generated as the bipolar short pulse A6, and when the
value of the data signal Al is “0”, the bipolar short pulse A6
becomes a reference voltage. The positive pulse is a positive-
voltage pulse with respect to the reference voltage, and the
negative pulse is a negative-voltage pulse with respect to the
reference voltage. That is to say, the bipolar short pulse A6
becomes a pulse having reverse polarity to an immediately
preceding pulse.

The bipolar short pulse A6 has only an inverted phase of a
high frequency component with respect to the unipolar short
pulse B6, and has a same envelope of the signal. The wave
detector 123 in FIG. 1A detects the envelope of the reception
signal. Accordingly, the reception unit of the impulse radio
communication apparatus in FIG. 1A may have the same
configuration in the case of receiving the unipolar short pulse
B6 or in the case of receiving the bipolar short pulse A6.

FIG. 4A is a diagram illustrating a power spectrum density
of'the bipolar short pulse A6. Here, the communication speed
of'the transmission signal is 10 Gbps, and the time slot of the
transmission signal is 100 ps. In the power spectrum density
of the bipolar short pulse A6, notches arise at frequencies
equal to integer multiples of the communication speed (10
Gbps). That is to say, assuming that k is an integer, notches
arise at frequencies of kx10 GHz. The notch is a concave part
that has a low power spectrum density.

FIG. 4B is a diagram illustrating a power spectrum density
of the output signal of the band-pass filter 103 that has
received input of the unipolar short pulse B6. In the case of the
unipolar short pulse B6, bright line spectra BL. occur at fre-
quencies equal to integer multiples of the communication
speed (10 Gbps) in the same manner as FIG. 2B and FIG. 2C.
For example, bright line spectra BL occur at 60 GHz, 70 GHz
and 80 GHz.

FIG. 4C is a diagram illustrating a power spectrum density
of the output signal A7 of the band-pass filter 103 that has
received input of the bipolar short pulse A6. In the case of the
bipolar short pulse A6, in the same manner as FIG. 4A,
notches arise at frequencies equal to integer multiples of the
communication speed (10 Gbps). For example, notches occur
at 60 GHz, 70 GHz and 80 GHz. As aresult, bright line spectra
BL having frequencies equal to integer multiples of the com-
munication speed (10 Gbps) are removed. In the present
embodiment, bright line spectra BL will not arise, and thus it
becomes easy to ensure transmission power, and thus it
becomes advantageous to perform long-distance and high-
quality communication. Further, by setting a suitable com-
munication speed for an allocated frequency band, it is pos-
sible to dispose notches at both ends f1 and f2 of the pass
frequency band of the band-pass filter 103. Accordingly, it
becomes advantageous to suppress irradiation of unwanted
radio waves outside the allocated frequency band.

The transmission speed of the data signal is set to integer
divisions of a difference between the upper-limit pass fre-
quency 2 of the band-pass filter 103 and the lower-limit pass
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frequency fl. For example, the upper limit frequency 12 is 90
GHz, and the lower limit frequency f1 is 80 GHz. The pass
frequency bandwidth of the band-pass filter 103 is {2—f1=90-
80=10 GHz. In this case, the transmission speed of the data
signal is set to integer divisions of 10 GHz. For example, the
transmission speed of the data signal may be set to 10 Gbps,
5 Gbps, 2 Gbps or 1 Gbps, etc. In this manner, by setting a
transmission speed, notches may be disposed at both of the
ends 1 and f2 of the pass frequency band of the band-pass
filter 103. Accordingly, it is possible to suppress irradiation of
unwanted radio waves outside the allocated frequency band.
In this regard, as the transmission speed is decreased, a fre-
quency interval of notches becomes short, and the number of
notches increases.

FIG. 5 is a diagram illustrating an example of a configura-
tion of the short-pulse generation unit 102 in the FIG. 1A, and
FIG. 7 is a timing chart for explaining an example of opera-
tion of the short-pulse generation unit 102. The short-pulse
generation unit 102 includes a nonreturn-to-zero (NRZ)/re-
turn-to-zero (RZ) conversion unit 501, a trigger flip-flop
(T-FF) 502, and a short pulse generator 503. The data signal
Al is a nonreturn-to-zero signal. The nonreturn-to-zero
(NRZ)/return-to-zero (RZ) conversion unit 501 converts the
nonreturn-to-zero signal Al into a return-to-zero signal A2.
Specifically, the nonreturn-to-zero (NRZ)/return-to-zero
(RZ) conversion unit 501 is a logical product (AND) circuit,
calculates a logical product of the nonreturn-to-zero signal
A1 and the clock signal CK, and outputs the logical product
signal as the return-to-zero signal A2. The trigger flip-flop
502 inverts an output signal A3 for each one cycle of the
return-to-zero signal A2. For example, a logical level of the
output signal A3 is inverted for each one cycle of the return-
to-zero signal A2, just like the high level—the low level—the
high level. Specifically, the output signal A3 is logically
inverted in synchronism with a rising edge of the return-to-
zero signal A2. The short pulse generator 503 receives input
of the output signal A3 of the trigger flip-flop 502 and the
return-to-zero signal A2, and shortens the pulse width of the
return-to-zero signal A2, and outputs the signal A6 that alter-
nately produces a positive pulse and a negative pulse to the
band-pass filter 103.

FIG. 6 is a circuit diagram illustrating an example of a
configuration of the short pulse generator 503 in FIG. 5. A
delay circuit 601 outputs a signal A4, which is a delayed
signal of the return-to-zero signal A2. A resistor 602 is con-
nected between the ground potential node and a node of a
signal /A5. A resistor 603 is connected between the ground
potential node and a node of a signal A5. The signal A5 and
the signal /A5 are differential signals whose phases are
inverted with each other. A drain of an n-channel field-effect
transistor 604 is connected to the node of the signal /A5, a gate
thereof is connected to a bias potential node, and a source
thereof is connected to a drain of an n-channel field-effect
transistor 606. A drain of an n-channel field-effect transistor
605 is connected to a node of the signal A5, a gate thereof is
connected to the bias potential node, and a source thereof is
connected to a drain of an n-channel field-effect transistor
607. A gate of the n-channel field-effect transistor 606 is
connected to a node of the return-to-zero signal A2, and a
source thereof is connected to a drain of an n-channel field-
effect transistor 610. A gate of the n-channel field-effect
transistor 607 is connected to, for example, a potential node of
-2V, a source thereof is connected to the drain of the n-chan-
nel field-effect transistor 610. The transistor 604 and the
transistor 605 constitute common-gate cascode amplifiers,
respectively. A gate of the n-channel field-effect transistor
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610 is connected the node of the signal A4, and a source
thereof is connected to a drain of an n-channel field-effect
transistor 612.

A drain of an n-channel field-effect transistor 608 is con-
nected to a drain of the n-channel field-effect transistor 606, a
gate thereof is connected to, for example, a potential node of
-1.7 V, and a source thereof is connected to a drain of an
n-channel field-effect transistor 611. A drain of an n-channel
field-effect transistor 609 is connected to the drain of the
n-channel field-effect transistor 607, a gate thereof is con-
nected to, for example, a potential node of -2.3 V, and a
source thereof is connected to a drain of the n-channel field-
effect transistor 611. A gate of the n-channel field-effect
transistor 611 is connected to, for example, a potential node of
2.4V, asource thereofis connected to a drain of an n-channel
field-effect transistor 612. The n-channel field-effect transis-
tor 612 is a current source, a gate thereofis connected to a bias
potential node, and a source thereof is connected to, for
example, a potential node of -2.6 V.

A resistor 613 is connected between the ground potential
node and a node of the signal A6. The resistor 614 is con-
nected between the ground potential node and a node of the
signal /A6. The signal A6 and the signal /A6 are differential
signals whose phases are inverted with each other. A drain of
an n-channel field-effect transistor 615 is connected to a node
of the signal A6, a gate thereof is connected to a node of the
signal A3, and a source thereof is connected to a drain of an
n-channel field-effect transistor 619. A drain of an n-channel
field-effect transistor 616 is connected to a node of the signal
/A6, a gate thereof is connected to a node of signal /A3, and a
source thereof is connected to a drain of the n-channel field-
effect transistor 619. The signal A3 and the signal /A3 are
differential signals whose phases are inverted with each other.
A gate of the n-channel field-effect transistor 619 is con-
nected to a node of the signal /AS, and a source thereof is
connected to a drain of an n-channel field-effect transistor
621.

A drain of an n-channel field-effect transistor 617 is con-
nected to a node of the signal A6, a gate thereof is connected
to a bias potential node, and a source thereof is connected to
a drain of an n-channel field-effect transistor 620. A drain of
an n-channel field-effect transistor 618 is connected to a node
of'the signal /A6, a gate thereofis connected to a bias potential
node, and a source thereof is connected to the drain of the
n-channel field-effect transistor 620. A gate of the n-channel
field-effect transistor 620 is connected to the node of the
signal A5, a source thereof is connected to the drain of the
n-channel field-effect transistor 621. The n-channel field-
effect transistor 621 is a current source, a gate thereof is
connected to a bias potential node, and a source thereof is
connected to, for example, a potential node of -2.6 V.

The signal A5 is a logical product signal of the return-to-
zero signal A2 and the delay signal A4. When the signal A3 is
a high level, if the signal A5 becomes a high level pulse, the
signal A6 becomes a positive pulse. On the other hand, when
the signal A3 is a low level, if the signal A5 becomes a high
level pulse, the signal A6 becomes a negative pulse. The
bipolar short pulse A6 has, for example, a reference voltage of
-0.4V, and alternately produces a positive pulse of 0V and a
negative pulse of 0.8 V.

By the present embodiment, the transmission signal does
not includes a bright line spectrum BL,, and thus the transmis-
sion signal is not subject to a power limitation by the bright
line spectrum BL. Accordingly, it is possible to ensure a large
transmission power to obtain a high communication margin
(S/N), and thereby there is an advantage in that it becomes
easy to achieve long-distance and high-quality communica-
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tion of the signal. Also, by suitably setting a communication
speed for an allocated frequency band, and disposing notches
at both ends of'the allocated frequency band width, there is an
advantage of reducing irradiation of unwanted power outside
the allocated frequency band. In the reception unit, it is pos-
sible to configure the reception unit for receiving the bipolar
short pulse A6 in the same manner as a reception unit for
receiving the unipolar short pulse B6, and thus it is possible to
suppress an increase in installation cost to a minimum.

In this regard, all of the above-described embodiment is
only an example of implementing the present disclosure, and
it is to be understood that a technical scope of the present
disclosure be not limited by the description. That is to say, it
is possible to carry out the present disclosure in various ways
without departing from the spirit and scope of the present
disclosure.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiment of the
present invention has been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A communication apparatus comprising:

apulse generation unit configured to alternately generate a
positive pulse and a negative pulse indicating presence
of a data pulse in accordance with a logical value of a
data signal, and generate a constant voltage signal,
which have a certain constant voltage, indicating
absence of the data pulse in accordance with a logical
value of the data signal, wherein the positive pulse and
the negative pulse generated by the pulse generation unit
have a power spectrum density with notches arisen at
frequencies equal to integer multiples of communication
speed;

a band-pass filter configured to filter the positive pulse or
the negative pulse generated by the pulse generation
unit; and

a transmission amplifier configured to amplify a signal
filtered by the band-pass filter, and to output the ampli-
fied signal as a transmission signal;

wherein the pulse generation unit includes a pulse genera-
tor configured to shorten a pulse width of a return-to-
zero signal, and to alternately generate the positive pulse
and the negative pulse;

wherein the pulse generation unit includes a trigger flip-
flop configured to invert an output signal for each one
cycle of the return-to-zero signal, and the pulse genera-
tor receives the output signal of the trigger flip-flop and
the return-to-zero signal.

2. The communication apparatus according to claim 1,

wherein the pulse generation unit includes a nonreturn-to-
zero/return-to-zero conversion unit configured to con-
vert the data signal from a nonreturn-to-zero signal to a
return-to-zero signal.

3. A communication apparatus comprising:

apulse generation unit configured to alternately generate a
positive pulse and a negative pulse indicating presence
or absence of a data pulse in accordance with a logical
value of a data signal,
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wherein the positive pulse and the negative pulse generated
by the pulse generation unit have a power spectrum
density with notches arisen at frequencies equal to inte-
ger multiples of communication speed;
a band-pass filter configured to filter the positive pulse or
the negative pulse generated by the pulse generation
unit; and
a transmission amplifier configured to amplify a signal
filtered by the band-pass filter, and to output the ampli-
fied signal as a transmission signal,
wherein the pulse generation unit includes
a nonreturn-to-zero/return-to-zero conversion unit con-
figured to convert the data signal from a nonreturn-
to-zero signal to a return-to-zero signal, and

a pulse generator configured to shorten a pulse width of
the return-to-zero signal, and to alternately generate
the positive pulse and the negative pulse;

wherein the pulse generation unit includes a trigger flip-
flop configured to invert an output signal for each one
cycle of the return-to-zero signal, and the pulse genera-
tor receives the output signal of the trigger flip-flop and
the return-to-zero signal.

4. A communication apparatus comprising:

apulse generation unit configured to alternately generate a
positive pulse and a negative pulse indicating presence
or absence of a data pulse in accordance with a logical
value of a data signal,

wherein the positive pulse and the negative pulse generated
by the pulse generation unit have a power spectrum
density with notches at frequencies equal to integer mul-
tiples of communication speed;

a band-pass filter configured to filter the positive pulse or
the negative pulse generated by the pulse generation
unit; and

a transmission amplifier configured to amplify a signal
filtered by the band-pass filter, and to output the ampli-
fied signal as a transmission signal,

wherein a transmission speed of the data signal is one of
integer divisions of a difference between an upper-limit
pass frequency and a lower-limit pass frequency of the
band-pass filter;

wherein the pulse generation unit includes a pulse genera-
tor configured to shorten a pulse width of a return-to-
zero signal, and to alternately generate the positive pulse
and the negative pulse;

wherein the pulse generation unit includes a trigger flip-
flop configured to invert an output signal for each one
cycle of the return-to-zero signal, and the pulse genera-
tor receives the output signal of the trigger flip-flop and
the return-to-zero signal.

5. The communication apparatus according to claim 1,

further comprising

a first antenna for radio-transmitting the transmission sig-
nal amplified by the transmission amplifier.

6. The communication apparatus according to claim 1,

further comprising

a reception amplifier configured to amplify a reception
signal, and

a wave detector configured to detect the reception signal
amplified by the reception amplifier.

7. The communication apparatus according to claim 6,

further comprising

a second antenna for radio receiving the reception signal,

wherein the reception amplifier amplifies the reception
signal radio-received by the second antenna.
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8. A communication apparatus comprising:

apulse generation unit configured to alternately generate a
positive pulse and a negative pulse indicating presence
of a data pulse in accordance with a logical value of a
data signal, and generate a constant voltage signal,
which have a certain constant voltage, indicating
absence of the data pulse in accordance with a logical
value of the data signal, wherein the positive pulse and
the negative pulse generated by the pulse generation unit
have a power spectrum density with notches arisen at
frequencies equal to integer multiples of communication
speed;

a band-pass filter configured to filter the positive pulse or
the negative pulse generated by the pulse generation
unit; and

a transmission amplifier configured to amplify a signal
filtered by the band-pass filter, and to output the ampli-
fied signal as a transmission signal,

wherein, in a signal output from the band-pass filter, bright
line spectra having frequencies equal to the integer mul-
tiples of the communication speed are removed,

wherein the communication speed of the data signal is set
to integer divisions of a difference between upper-limit
pass frequency of the bandpass filter and lower-limit
pass frequency of the band-pass filter;

wherein the pulse generation unit includes a pulse genera-
tor configured to shorten a pulse width of a return-to-
zero signal, and to alternately generate the positive pulse
and the negative pulse;

wherein the pulse generation unit includes a trigger flip-
flop configured to invert an output signal for each one
cycle of the return-to-zero signal, and the pulse genera-
tor receives the output signal of the trigger flip-flop and
the return-to-zero signal.

9. A communication apparatus comprising:

apulse generation unit configured to alternately generate a
positive pulse and a negative pulse indicating presence
or absence of a data pulse in accordance with a logical
value of a data signal,

wherein the positive pulse and the negative pulse generated
by the pulse generation unit have a power spectrum
density with notches arisen at frequencies equal to inte-
ger multiples of communication speed;

a band-pass filter configured to filter the positive pulse or
the negative pulse generated by the pulse generation
unit; and

a transmission amplifier configured to amplify a signal
filtered by the band-pass filter, and to output the ampli-
fied signal as a transmission signal,
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wherein the pulse generation unit includes a nonreturn-to-
zero/return-to-zero conversion unit configured to con-
vert the data signal from a nonreturn-to-zero signal to a
return-to-zero signal, and

apulse generator configured to shorten a pulse width of the
return-to-zero signal, and to alternately generate the
positive pulse and the negative pulse,

wherein, in a signal output from the band-pass filter, bright
line spectra having frequencies equal to the integer mul-
tiples of the communication speed are removed,

wherein the communication speed of the data signal is set
to integer divisions of a difference between upper-limit
pass frequency of the bandpass filter and lower-limit
pass frequency of the band-pass filter;

wherein the pulse generation unit includes a trigger flip-
flop configured to invert an output signal for each one
cycle of the return-to-zero signal, and the pulse genera-
tor receives the output signal of the trigger flip-flop and
the return-to-zero signal.

10. A communication apparatus comprising:

apulse generation unit configured to alternately generate a
positive pulse and a negative pulse indicating presence
or absence of a data pulse in accordance with a logical
value of a data signal,

wherein the positive pulse and the negative pulse generated
by the pulse generation unit have a power spectrum
density with notches at frequencies equal to integer mul-
tiples of communication speed;

a band-pass filter configured to filter the positive pulse or
the negative pulse generated by the pulse generation
unit; and

a transmission amplifier configured to amplify a signal
filtered by the band-pass filter, and to output the ampli-
fied signal as a transmission signal,

wherein a transmission speed of the data signal is one of
integer divisions of a difference between an upper-limit
pass frequency and a lower-limit pass frequency of the
band-pass filter,

wherein, in a signal output from the band-pass filter, bright
line spectra having frequencies equal to the integer mul-
tiples of the communication speed are removed;

wherein the pulse generation unit includes a pulse genera-
tor configured to shorten a pulse width of a return-to-
zero signal, and to alternately generate the positive pulse
and the negative pulse;

wherein the pulse generation unit includes a trigger flip-
flop configured to invert an output signal for each one
cycle of the return-to-zero signal, and the pulse genera-
tor receives the output signal of the trigger flip-flop and
the return-to-zero signal.
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